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To evaluate uncertainty and risk in biological reference points, we applied a bootstrapping method and
a Bayesian procedure to estimate the related confidence intervals. Here we provide an example of the
maximum sustainable yield (MSY) of turban shell, Batillus cornutus, estimated by the Schaefer and Fox
models. Fitting the time series of catch and effort from 1968 to 2006 showed that the Fox model performs
better than the Schaefer model. The estimated MSY and its bootstrap percentile confidence interval (CI)
at @=0.05 were 1,680 (1,420-1,950) tons for the Fox model and 2,170 (1,860-2,500) tons for the Schaefer
model. The Cls estimated by the Bayesian approach gave similar ranges: 1,710 (1,450-2,000) tons for
the Fox model and 2,230 (1,760-2,930) tons for the Schaefer model. Because uncertainty in effort and
catch data is believed to be greater for earlier years, we evaluated the influence of sequentially excluding
old data points by varying the first year of the time series from 1968 to 1992 to run ‘backward’ bootstrap
resampling. The results showed that the means and upper 2.5% confidence limit (CL) of MSY varied greatly
depending on the first year chosen whereas the lower 2.5% CL was robust against the arbitrary selection
of data, especially for the Schaefer model. We demonstrated that the bootstrap and Bayesian approach
could be useful in precautionary fisheries management, and we advise that the lower 2.5% CL derived
by the Fox model 1s robust and a better biological reference point for the turban shells of Jeju Island.
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Helo 2+ A< MF (process stochasticity), ¥ 27, 52!
F, AR Hd 0F/FE = 9 Ut Harwood and Stokes, 2003).
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1. Schaefer 2 E|
CPUE=Y/f

CPUE=(a+b f)+e
MSY =-a’/(4b)
FMSY =-a/(2b)

2. Fox 24
CPUE=Y/f

Log (CPUE)=a+b f+e&
MSY =(-1/b) exp(a-1)
FMSY=-1/b
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(http://www.mrc-bsu.cam.ac.uk/bugs/winbugs/contents.shtml)
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Al RBEAE- (backward bootstrap)
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A AZ EEE 1968 F-E] 1992W@71A] 2elshir A8 E
MElgl TR (EE =7) N=39, 38, 37, ..., 15) 97|14 FZ9=
1007} 5 Bol 2L FE ARTE =7]) N=100)S TH=9] 7
H 3¥E 3l MSYE T8k B4 1,000 WHESe] (311
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2Eo] A9 168182 YEhGen, 7o P =y
gko 7}7} 10,6008 3} 7,720 ©. 8 Fox Ed o] Schacfer =&
of BlwsiA HAAFAGHolY w¥HEF 25 ¢ AA HUME
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A FolH . & Schaefer 9] A5 ofef| dF7k0] 0 o]3t
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Fig. 1. Annual catch and fishing effort of turban shells (Batillus cornutus) off Jeju Island from 1968 to 2006.
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Fig. 2. Comparison of the Schaefer (a, b) and Fox models (¢, d) with respect to fitting annual catch per unit effort (CPUE)
and annual catch (metric tons) with fishing effort (number of divers) for turban shell, Batillus cornutus off Jeju Island
from 1968 to 2006. The derived curves (solid line), their 95% prediction bands (dotted line) and the estimates of maximum
sustainable yield (MSY) are also illustrated. |
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Table 1. Comparison of the bootstrap and Bayesian methods with respect to the maximum sustainable yield (MSY) of
turban shells in Jeju Island and the corresponding fishing effort at MSY (FMSY) estimated by the Schaefer and Fox models,
and their standard error (SE), lower (2.5%) and upper (97.5%) percentile confidence limit (CL). The unit of MSY is metric
ton and the unit of FMSY is the number of divers

Model Parameter Method Estimate SE Lower CL Upper CL
MSY Bootstrap 2,167 161 1,856 2,499
Bayesian 2,233 770 1,754 2,932
Schaefer
FMSY Bootstrap 10,600 789 8,690 11,783
Bayesian 11,110 6,187 8,363 16,650
MSY Bootstrap 1,681 137 1,421 1,946
Fox Bayesian 1,707 138 1,454 1,999
EMSY Bootstrap 7,720 621 6,571 9,053
Bayesian 7,778 1,077 6,071 10,270
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Fig. 3. Frequencies of estimates of the maximum sustainable yield derived from 1,000 bootstrap samples (N=39) based
on (a) the Schaefer model and (b) the Fox model. |
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Fig. 4. Mean (line and horizontal bar) and 95% bootstrap
percent ile confidence interval (vertical line) for estimates
of the maximum sustainable yield for turban shells derived
from 1,000 bootstrap samples (N=100) with varying the first
year from 1968 to 1992 in sequentially selecting data from

the original (1968-2006) series. (a) Schaefer model, (b) Fox
model.

AZHAEE 19683 HE 1992d713] o312 o 2 ] dlH A
AR E A= Fig. 49 YERRSITE Schaefer 2] A%
A Z 2,0008 HelolA MSYZ} AR 1981d %=
19821 o}#-¢] ztgRte Y 47 FEH= MSY= /2
2] FolA 3,0008 oo g FHE o)A T} (Fig. 4a). Fox 24
o] A+ AN dx7} 1968-1976 A7 A = Y# MSYFA A
ok 1,7002 ¢ HEZF 21} 1977-199218 A|ZPAE 2 4] A
A ARE FEAE8Y S 25 FAE= MSYZF A4 &
FAA HU 540074 UEFSET (Fig. 4b). 3HA AP dEE
2GS W 95% AT HEE BH T Ed ZFoA
2 A3 25% e MSY AR 9 2 ddo g HEglo
L 7L 8kgE 2.5% 3F2 BialA 318 Schaefer EH 9
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AL A 2 83 2.5% S 3,00080] Fojrtr| = o)
1 &t
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Schaefer®} Fox B4 ¥5F MSYQ| Hd# Ak 2.5% AZ) 71
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JH 7

HAFAT (Fig. 4). 71 HAE MSY FHX& HEEH
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Schaefer R0l YERGTE melA AT}t A& 9
3l MSY FA4oll= Fox Edo] ©] Adbsirtal A3ttt A5
T A Ao 3 AEIAE 71FHOE Fox RAE FAHT
MSY 9] 95% A1ZF3t 513HAS Aethd FEAES] S
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